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Bulk Acoustic Wave Sensor 



5 This invention relates to a sensor comprising a substrate and at least one 

resonator, said resonator is comprised of an acoustic reflector, a piezoelectric layer, a 
first and a second electrode, and a sensing layer. 

The rapid and accurate detection of chemical and biological agents is 
very important for many activities such as environmental pollution testing or military 

10 application. 

Heretofore, biological/chemical sensors have been based on either 
calorimetric or gravimetric effects. 

15 For example, US 5,936,150 describes a chemical sensor using a thin film 

acoustic resonator coated with a chemically sensitive sorbent coating. The thin film 
acoustic resonator has electrodes separated by a thin film piezoelectric layer and is 
supported by a multilayer resonant acoustic isolator. In order to detect a cheifiical, the 
chemical of interest (usually a vapor) is brought into contact with and interacts with the 

20 exposed sorbent surface coating, causing the mass and/or the mechanical properties of 
the sorbent coating to change. The changes in the sorbent coating will cause a change in 
the resonant frequency of the thin film acoustic resonator, as the coating lies directly 
upon the resonator and is part of the acoustic resonant path. 

The above-mentioned sensor may best be applied when detecting 

25 gaseous agents. When using the sensor in liquids the liquid will attenuate the resonator. 
This results in a lower sensitivity and a lower Q factor of the device. 



30 



It is an object of the present invention to provide a sensor that is more 
sensitive when used in liquids. 

This is achieved by a sensor comprising a substrate and at least one 
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resonator, said resonator is comprised of an acoustic reflector, a first and a second 
electrode, a piezoelectric layer, and a sensing layer wherein the first and the second 
electrode are placed on the same side of the piezoelectric layer. 

Such a resonator has the advantage that predominately shear vibrations 
5 are excited that may not be absorbed by liquids. As a result the excited vibrations 
cannot propagate in the liquid and the attenuation of the vibrations is low. This results 
in lower acoustic losses of the resonator. A sensor made of such a resonator has a high 
sensitivity when used in liquids. 

The sensor according to claim 2 comprises a resonator having a low 
10 electric impedance. 

With the help of the preferred embodiment of claim 3 a highly robust and 
sensitive sensor array for the detection of chemical or biological agents in liquids is 
obtained. 

A sensor according to claim 4 works with, a very high sensitivity since 
15 every material used in the sensing layers interacts in a different degree with the agent to 
be detected. The obtained output signal is rather complicated and thus sensitive to the 
agent to be detected. 

The invention will be explained in more detail below with reference to 
two drawings. In the drawings 

20 

Fig. 1 shows a sensor array circuitry and 

Fig. 2 shows the construction of a resonator in cross-section. 

25 

The sensor according to the invention comprises a substrate and at least 
one resonator. Said resonator is comprised of an acoustic reflector, a first and a second 
electrode, a piezoelectric layer, and a sensing layer. 

More preferred the sensor comprises a plurality of individually 
30 addressable resonators. It is highly preferred that this plurality of resonators is arranged 
in a rectangular row and column configuration including m rows and n columns. By this 
arrangement a sensor array is achieved. Most preferred each resonator might be 
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addressed individually. Fig. 1 shows a circuitry of such a sensor array comprising m • n 
resonators R. 

If the sensor comprises a plurality of resonators, each of the resonators is 
separated from its neighboring resonators by such a distance that the resonant energies 
5 do not overlap. 

The sensor comprises a substrate 1 which may comprise a 
semiconducting material such as Si or GaAs or an insulating material such as glass or 
A1 2 0 3 . The resonators are deposited on the substrate 1 . Each resonator comprises an 
acoustic reflector 2, a first electrode 3 and a second electrode 4, a piezoelectric layer 5, 
10 and a sensing layer 6. 

Fig. 2 shows in cross-section a resonator according to the invention. 
Most preferred the acoustic reflector 2 has a layered structure and 
comprises several layers having alternating high and low acoustic impedance. These 
layers show a thickness of % of the resonance wavelength X. The layers having low 
15 acoustic impedance may for example comprise an organic or inorganic aerogel, an 
organic or inorganic xerogel, a foam, a low density synthetic material or SiC>2. The 
layers having a high acoustic impedance may for example comprise Ta20s, Si 3 N4, TiC>2, 
ZnO, LiNb0 3 , LiTa0 3 , A1 2 0 3 , SiC, V2O5, Nb 2 O s , Zr0 2 , La 2 0 3 , WO x (0 < x < 3), MoO x 
(0 < x < 3), ZrC, WC, MoC, Th0 2 , Ce0 2 , Nd 2 0 3 , Pr 2 0 3 , Sm 2 0 3 , Gd 2 0 3 , ReO x (0 < x < 
20 3.5), Ru0 2 , Ir0 2 , Y 2 0 3 , Sc 2 0 3 , LiGe0 2 , Bii 2 Ge0 2 o, Ge0 2 , MgO, yttrium-aluminium- 
garnet (Y 3 Al 5 Oi 2 , YAG), yttrium-iron-garnet (Y 3 Fe 5 Oi 2 , YIG), LiGa0 2 , Hf0 2 , A1N, a 
high density synthetic material, W or C. 

The number of layers in the acoustic reflector 2 is odd-numbered and the 
first and the last layer of the layered structure comprise a material having low acoustic 
25 impedance. It should be understood that although five such layers are shown, a greater 
number may be used, and in general five to nine layers are desirable. 

The piezoelectric layer 5 that is placed on top of the acoustic reflector 2 
comprises most preferentially A1N. Alternatively ZnO, KNb0 3 , lead zirconate titanate 
(PZT), lanthanum-doped lead zirconate titanate (PLZT) or the like may be used in the 
30 piezoelectric layer 4 

The first and second electrode 3, 4 are deposited on top of the 
piezoelectric layer 5. The electrodes 3, 4 may comprise a metal like Pt, Al, Al:Cu, 
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Al:Si, Mo, W or an alloy as well as an additional adhesion layer comprising Ti, Cr, or 
NiCr. Most preferred the two electrodes 3, 4 are interdigitated electrodes. 

At the outer side of the piezoelectric layer 5 ground metallizations and/or 
bond-pads (not shown) are present. The ground metallization and the bond pads may 
5 comprise Al, Al:Si, Al:Cu, Cu, Ni, Au or combinations thereof. 

A sensing layer 6 completely or only partly covers the two electrodes 3, 
4. The material of the sensing layer 6 is selected with respect to the agent to be 
detected. The detection of the chemical or biological agents is done by absorption, 
adsorption, desorption or chemical reaction. 

10 The chemical or biological agents may comprise an atom, ion, molecule, 

macromolecule, organelle, or a cell. The chemical or biological agents may also 
comprise a substance in a medium including but not limited to, environmental 
contaminants such as trichloromethane, tetrachloromethane, trichloroethane, 
trichloroethylene, tetrachloroethane, tetrachloroethylene, toluene, benzene, aromatic 

15 compounds and hydrocarbon pesticides. The term "medium" as used herein means an 
aqueous medium, a non-aqueous liquid medium, and gases. As used herein, the terms 
"chemical agent" or "biological agent" also include molecules, such as proteins, 
glycoproteins, metal salts, ions, and the like. The terms also include neurotransmitters, 
hormones, growth factors, cytokines, monokines, lymphokines, nutrients, enzymes, and 

20 receptors. The terms "chemical agent" or "biological agent" also means structured 
elements such as macromolecular structures, organelles and cells, including, but not 
limited to, cells of ectodermal, mesodermal, and endodermal origin such as stem cells, 
blood cells, neural cells, immune cells, and gastrointestinal cells, and also 
microorganisms, such as fungi, viruses, bacteria, and protozoa. 

25 The sensing layer 6 may for example comprise chemical reactants, 

antibodies, fragments of antibodies capable of binding an agent, biological receptors for 
particular agents, enzymes, proteins, oligonucleotides, nucleic acids (such as DNA or 
RNA), peptides, metallo-organic materials, or small molecules such as ligands. The 
sensing layer 6 may also comprise a polymeric material that responds to the agent being 

30 present at the sensing layer 6. Additionally, the polymeric material of sensing layer 6 
can be modified by incorporating molecular groups that will enhance selectivity toward 
target agents. 
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In some instances it may be difficult to obtain substances that are 
specific to a single chemical or biological agent, but the presence of a plurality of 
resonators allows one to use several materials in the sensing layers 6, one on each 
resonator. Each sensing layer 6 might have a different reactivity or sensitivity to the 

5 chemical or biological agent being sensed. By putting together the information from the 
group of resonators, the presence of the suspected agent may be inferred. Using 
materials on the resonators that operate by absorption, adsorption, desorption or 
chemical reaction, the individual frequencies may go up or down with exposure. 

Alternatively the sensor may only be comprised of two resonators. In this 

10 embodiment, one of the resonators is a reference resonator and the sensing layer 6 is 
inactive to the agent. For example, if the detection of the agent is done by absorption, 
the reference resonator does not change its mass due to absorption because of an 
inactive coating. Alternatively, the reference resonator comprises a material in the 
sensing layer 6 from which a known fixed grade of absorption is known. 

15 A resonator comprising both electrodes 3, 4 on the same side of the 

piezoelectric layer 4 has the advantage that predominately shear vibrations are excited 
that may not be absorbed by liquids. As a result the excited vibrations cannot propagate 
in the liquid and the attenuation of the vibrations is low. This results in lower acoustic 
losses of the resonator. A sensor made of such a resonator or a plurality of such 

20 resonators has a higher sensitivity. 

The application of a voltage to the electrodes 3, 4 causes the 
piezoelectric layer 5 to be excited into oscillations. For this reason the first electrode 3 
and the second electrode 4 of a resonator are further coupled to an oscillator circuit, 
capable of applying a time varying excitation voltage between the first electrodes 3 and 

25 second electrodes 4, so that a time-varying electric field is generated. 



